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was an inequality of the pupils and fixity of the left one, which sug-
gested involvement of cranial nerves other than the seventh. With
the negative tests with increasing concentrations of tuberculin, with
the absence of tubercle bacilli in the spinal fluid, as well as with the
finding of but minimal amounts of globulin in this fluid, a diagnosis
of tuberculosis was definitely excluded. One was left, then, with
three possibilities: an idiopathic encephalitis with mastoiditis, a brain
abscess, or a brain tumor. The absence of clinical signs of hydro-
cephalus (excepting for the very suggestive vomiting) was the chief
deterrent to serious consideration of brain tumor. The patient came
to autopsy without a diagnosis having been made."
NYSTAGMUS
JAMES CHARLES FOX, JR.
The word nystagmus comes from vvatay[t6g, meaning drowsi-
ness which, in turn, is derived fromvuGT6tyLv-to nod in one's sleep.
The choice of this term is most inappropriate because all forms of
nystagmus depend upon a state of consciousness for their existence.
The eyes in various clinical types of spontaneous nystagmus come to
rest during sleep. The optic nystagmus of the-railway passenger
ceases as soon as he dozes and fails to watch the passing scenery from
the window. Vestibular nystagmus becomes an extreme conjugate
deviation under the influence of anesthesia.
From a purely descriptive point of view, there are two main
forms of nystagmus-rhythmic and pendular. The more common
rhythmic (sometimes called resilient or jerky) type is composed of
alternating slow and quick ocular excursions. Unfortunately cus-
tom has decreed that the direction be named according to the quick
component, whereas the slow phase invariably represents the more
active physiological determinant. The less frequent pendular (also
called undulatory andvibratory) type consists of more or less regular
oscillations. As will be pointed out later, there are mixed forms and
irregular types of each.
According to the direction of ocular excursion the nystagmus is
called horizontal, rotary, oblique, or vertical, occurring in relative
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show marked variations in velocity of the slow component, in the
amplitude of excursions, and in the frequency of the jerks-to all
of which the comparative terms fine and coarse have been more or
less loosely applied. However, this is perhaps pardonable, because
the real characteristics of an irregular nystagmus often defy analysis
by even the most trained powers of observation. This is true in
spite of the fact that the ocular excursions are almost invariably cQn-
jugate and tend to maintain a fairly uniform behavior over a period
of time in a given case.
The term spontaneous has been used to differentiate those patho-
logical forms ofnystagmus (e.g., cerebellar) occurring under natural
environmental conditions from the artificial or induced form, Which
represents the normal reaction to special types of stimuli (e.g.,
vestibular). In addition the terms acquired and congenital have
served to subdivide further the various clinical pathological forms
of spontaneous nystagmus.
Unfortunately, like too many other clinical phenomena, nystag-
mus has, in the past, been thought of almost exclusively in connec-
tion with some disease entity-such, for instance, as multiple
sclerosis. Perusal of the various text-books relating to the nervous
system reveals a conspicuous lack of integration of the scattered facts
regarding nystagmus, both as it appears normally in response to
certain stimuli and as it is observed clinically as an expression of
some physiological disorder of the nervous system.
Obviously much of the knowledge is fragmentary, and much of
what purports to be known, especially regarding questions of neural
integration, is still under dispute. However, an attempt to present
the available data in a brief, systematic form does not seem out of
place, especially if, by such means, the unsolved problems become
more clearly demarcated and the possible methods for their solution
may be better appreciated.
The following classification of nystagmus is suggested, not as a
final etiological differentiation but as a provisional guide to the study
of the phenomenon as a manifestation, of both the normal and dis-
ordered nervous system. It is also fully realized that the terms
"normal" and "pathological" are, in the final analysis, relative in
their significance and are employed for purposes of simplicity in a
field which is already too complex.
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CLASSIFICATION OF NYSTAGMUS
I. Vestibular Origin.
A. Normal-artificial or induced
i. Rotational
2. Caloric
B. Pathological-spontaneous
i. Labyrinthitis
2. Vestibular nerve irritation
II. Optical Derivation.
A. Normal
i. To actual or apparent movement of field of view ("railway or
optic nystagmus")
B. Pathological
i. Related to dim light-acquired
a. "Miners' nystagmus"
b. Spasmus nutans
2. Due to impaired vision
a. Congenital ocular defects
b. Disorders of visual acuity and visual fields
III. Neuro-muscular Origin.
A. Normal-"positional nystagmus"
B. Pathological-weakness of extra-ocular muscles
IV. Synergic Disorders of Fixation of Cerebellar Origin.
A. Lesions of the cerebellum
B. Involvement of the cerebellar pathways and connections in the brain
stem
V. Origin Uncertain or Undetermined.
A. Toxic states
B. Cerebral lesions
C. Disease of the spinal cord in the high cervical region
D. Hysterical and voluntary nystagmus
NORMAL VESTIBULAR NYSTAGMUS
The fundamental laws governing the reflex production of rhyth-
mic nystagmus by labyrinthine stimulation have been thoroughly
enunciated by Barany and numerous others who have followed in
his footsteps. The character of both the rotational and caloric forms
depends upon the position of the head duringstimulation. The slow
phase is the resultant effect of stimuli caused by movement of the
endolymph in canals in three different planes. If one remembers
that the eyes are always drawn in the direction of the endolymph
movement the situation becomes simplified, as illustrated by the fol-
lowing examples:
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Rotational Type. Turning to the right, with the head upright,
produces endolymph movement toward the left in both horizontal
canals, causing a corresponding pull of the eyes to the left, with re-
covery jerks to the right. As soon as the turning ceases, the momen-
tum of the endolymph produces a movement in the reverse direction
in relation to the stationary canal, namely, to the right, with recovery
jerks to the left. This "after-nystagmus" is the more easily ob-
served and is the type commonly referred to in describing the ves-
tibular response.
Caloric Type. Douching of the right ear with cold water
(680 F.), with the head backwards 600, produces a downward con-
vection current in the endolymph in the right horizontal canal which
happens to be vertical in this position of the head. This downward
movement of the endolymph is to the right in the horizontal canal
and causes a corresponding pull of the eyes to the right, with quick
recovery jerks to the left.
The opposite response is obtained upon turning to the left or
upon douching the left ear with cold water. For practical pur-
poses the following arrangement of the reactions under main head-
ings of "right" and "left" will be found a most useful aid to
memory:
Turning to right, head upright, or cold douching of right ear,
head 6o0 backwards, causes a horizontal nystagmus, slow phase to
right. Turning to left, head upright, or cold douching of left ear,
head 60° backwards, causes a horizontal nystagmus, slow phase to
left.
Custom has,unfortunately, decreed that the nystagmus be named
after the direction of the quick phase, which would be in the op-
posite direction in each instance.
The employment of these tests is useful in identifying lesions
of the vestibular nerve or its end-organ the labyrinth. Shortened
duration of the after-nystagmus to one direction points to non-
function on the side opposite to which the turning was directed.
The caloric test has the advantage of testing one labyrinth. No
response indicates non-function on that side. Utilization of the
tests for localization of lesions in the cerebellum or brain-stem is
rather unsatisfactory.
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PATHOLOGICAL VESTIBULAR NYSTAGMUS
Destruction of one labyrinth or one vestibular nerve causes a
persistent, rhythmic, spontaneous nystagmus whose slow phase is
always toward the injured side. This persists at the most for only
two or three days; the amplitude of the nystagmus is increased by
turning the eyes away from the injured side in the direction of the
quick phase, or by the elimination of fixation by strong lenses
placed in front of the eyes. This latter feature, as well as the
fact that the direction of the slow phase is not altered by position
of the eyes, shows the striking contrast of spontaneous, vestibular
nystagmus to that of cerebellar origin, to be described later.
The above picture may be the result of an extensive hemorrhage
into the labyrinth or a suppurative process extending from the
middle ear. Rupture of the vestibular nerve caused either by a
fracture through the temporal bone or by an operative injury, has
the same effect. However, the most common cause of a tran-
sient, spontaneous, vestibular nystagmus is a toxic or inflammatory
labyrinthitis, usually of obscure etiology, producing the so-called
Meniere's syndrome. The acute condition associated with sun-
troke is probably in the same category. Irritative lesions along the
course of the vestibular nerve at the base of the brain, such as a
tumor in the cerebello-pontine angle, occasionally cause paroxysms
of vestibular nystagmus. The clinical picture in such cases, as well
as in disease of the brain-stem involving the vestibular nuclei and
pathways, is frequently complicated by the coexistence of a more
or less constant nystagmus during fixation due to the involvement
of the neighboring cerebellar structures and connections.
NORMAL OPTIC NYSTAGMUS
The passenger on a railway train develops a vigorous rhythmic
nystagmus as he looks out of the window at objects in the landscape
as they appear to move past. Clinical interest in this phenomenon
has been re-awakened in recent years; and the so-called "railway
nystagmus", evoked by apparent movement of the field of view,
has been duplicated by the "normal nystagmus" of the stationary
subject in response to actual experimental movement of the visual
field. Such a succession of moving visual stimuli is afforded either
by a rotating cylinder at reading distance from the eyes or by a
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screen revolving about the subject's head, in each case carrying
visual objects, varying in complexity from simple stripes or bars
to pictures.
Normal optic nystagmus, which may be defined as the con-
jugate response of the eyes to a succession of moving visual stimuli,
is composed of an alternation of slow and quick phases. Each slow
phase consists of the pursuit of a moving object in the direction
of movement; each quick phase represents the refixation of a new on-
coming object, and is in the direction opposite to that of the moving
visual field.
The possibility of clinical exploitation of optic nystagmus as
an aid in cerebral localization depends upon the fact that in certain
cerebral lesions the optic nystagmus may be present to one direc-
tion of movement of visual objects but not to the other. For
instance, in the case of a neoplasm situated in the right parieto-
occipital region near the supramarginal or angular gyrus, causing
a partial or complete left hemianopia or perhaps only a visual
inattention to the left, it is usual to find a disturbance of optic
nystagmus as follows:- when the visual objects are moving in a
direction from the patient's left to right,-that is, are emerging from
the left field,-no nystagmus whatever or perhaps a feeble irregu-
lar response is evoked. However, the optic nystagmus is found
to be normal when the visual stimuli are passing in a direction from
the right to the left, with slow phase to the left and quick to the
right. The time does not appear opportune for further considera-
tion of questions of cerebral localization.
SPONTANEOUS PATHOLOGICAL NYSTAGMUS OF OPTICAL DERIVATION
All forms in this group, whether acquired or congenital, or due
to dim light or impaired vision, have one feature in common,-
the tendency for the nystagmus to be pendular rather than rhythmic
in character. This oscillation ofthe eyes seems to occur in an attempt
to maintain fixation in the presence of certain disorders of vision,
which are primarily of optical origin.
Miners' nystagmus seems to represent insufficiency of binocu-
lar fusion, after long exposure to poor illumination, especially after
working in a stooping attitude with eyes uplifted. The oscillations
are usually of short range and are unusually rapid, ocurring fre-
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quently at the rate of 400 or more per minute, according to Ohm.
He noted 65 different types, commonly in the vertical plane, in I55
cases studied. The movements are frequently not conjugate. Con-
vergence or the production of diplopia by prisms tends to diminish
or suppress the nystagmus temporarily. Improved illumination
in the mines or cessation from work for long periods causes a dis-
appearance of the nystagmus except in the most severe cases.
The fine, rapid, pendular type of nystagmus occurring in a
condition known as Spasmus nutans is undoubtedly of similar etiolo-
gy. This condition occurs during the winter months in children
under two years of age who have been living in dark dwellings,
where little or no sunlight ever penetrates. Both the nystagmus
and the associated tremor of the head cease when the child's eyes
are closed, confirming the optical nature of the disorder. In this
connection it is of interest that animals, especially puppies, shut
up in the dark soon after birth, develop eye and head tremors.
In explanation of such conditions a possible hypothesis has been
advanced. In dim light vision is effected by means of the rods
rather than the cones. Since there are no rods at the fovea cen-
tralis, it is necessary for the axis of the eyes to be shifted constantly
from their primary central position. While pendular oscillations
occur in the majority of such cases, irregular alternating slow
phases may be present in certain directions of ocular movement,
pointing to an associated neuro-muscular disorder.
The term Congenital nystagmus has been app]ied clinically to
include the oscillatory eye movements occuring in a heterogeneous
group of congenital structural defects of the eye-ball such as micro-
phthalmus, colobomata, albinism, congenital cataract, and corneal
leukomata. The nystagmus usually develops shortly after birth
as soon as the infant begins to attempt fixation. In all these cases
there is a marked defect of central vision, frequently a relative
scotoma. The pendular oscillations seem to represent "searching"
movements in an attempt to achieve adequate fixation. In some
instances, particularly in albinos, there is compensatory head nod-
ding. The so-called "nystagmus myoclonus" is an hereditary form
in which involuntary jerking movements of the limbs and trunk
are associated with pendular oscillations of the eyes.
Nystagmus is rarely seen in association with an acquired diminu-
tion of visual acuity such as occurs in refractive disorders and optic
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atrophy. However in rare cases of choreo-retinitis in early life
involving the macula, or other lesions producing central scotoma,
pendular searching movements, similar to those described above,
may appear and here likewise represent attempts at fixation. The
inconstant nystagmus occasionally seen in homonymous hemianopic
visual defects, particularly upon looking toward the blind side, is
probably not entirely of optical origin because it is usually of rhyth-
mic type, corresponding to positional conditions. The eyes of the
congenitally blind invariably show no involuntary movements. When
the blindness is acquired, the eyes frequently undergo slow, wide,
aimless, pendular excursions-the so-called "roving nystagmus".
NYSTAGMUS OF NEURO-MUSCULAR ORIGIN
The eyes of approximately seventy-five per cent of normal indi-
viduals undergo a fine rhythmic nysfagmus upon extreme rotation.
This is more marked in the lateral positions than in the vertical and
always corresponds to positional conditions; that is, the quick jerk is
in the direction of gaze. The slow phase is probably due to the
reflex contraction of the over-stretched antagonists tending to pull
the eyes back toward their primary central position. The quick
phase would then represent intermittent attempts of the agonists
to maintain fixation. The term pseudo-nystagmus hasunfortunately
crept into the literature to describe this phenomenon. Positional
nystagmus is certainly much more appropriate.
The rhythmic nystagmus occurring near the limit of range of
movement of a weak ocular muscle is merely a pathological form
of the above nystagmus. For example, if there be a weakness of'
the right external rectus limiting right external rotation, upon at-
tempted conjugate deviation to the right, a rhythmic nystagmus will
appear in the right eye at approximately the point where diplopia
develops. At this point the antagonist (right internal rectus) pulls
the eye slowly inward while the paretic external rectus attempts to
avoid diplopia by a quick outward jerk. Varied forms of this gen-
eral type of nystagmus are observed in the ophthalmoplegias, always
corresponding to positional conditions, depending upon the direction
and range of the impaired ocular movement.
The nystagmus occasionally observed in cases of multiple neu-
ritis, polioencephalitis, and degenerative diseases of the motor tracts,
where the nerves to the eye muscles are sometimes involved, falls
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into the same category, namely of neuro-muscular origin. The
nystagmus found in many cases of myasthenia gravis and in pro-
found fatigue states of convalescence must likewise be considered as
a pathological form of positional nystagmus, which occurs on lateral
movements well inside of the extreme position. This correlation
between the normal and pathological forms of nystagmus of neuro-
muscular origin is further corroborated by the fact that a very slight
positional nystagmus in a normal subject may be greatly intensified
by maintenance of the eyes in an extreme lateral position for a
minute's duration.
SYNERGIC DISORDERS OF FIXATION OF CEREBELLAR ORIGIN
The commonest form of spontaneous nystagmus observed clin-
ically is the rhythmic type of cerebellar origin. In other words, the
nystagmus is the ocular expression of cerebellar asynergia. In his
great study of the symptoms due to acute gunshot injuries of the
cerebellum, Gordon Holmes has given a masterful description of
this form of nystagmus which clearly differentiates it from vestibular
nystagmus.
In the first place, in a unilateral lesion of the cerebellum, the eyes
while at rest are generally deviated towards the opposite side, com-
ing to rest at a position 10 to 30 degrees to the unaffected side of the
central position. When the patient attempts fixation upon an object
directly in front of him, his eyes deviate slowly toward the "rest-
point" and are brought back to the midline by quick jerks of refixa-
tion. There is often a strong disinclination and difficulty in looking
toward the side of the lesion and such attempts result in slow excur-
sions in the direction of the rest point, with quicker corrective refixa-
tions in the direction ofgaze. On attempting to fix an object beyond
the rest-point on the contralateral side, the slow deviation is towards
the rest-point, and the quick phase of refixation is in the direction of
gaze. The slow phase, therefore, is always toward the rest-point,
but the nystagmus is of much greater amplitude upon looking to-
ward the side of the lesion.
Nystagmus of cerebellar origin is essentially dependent on fixa-
tion, therefore, in direct contrast to vestibular nystagmus, which is
enhanced when fixation is eliminated bv strong lenses. In cere-
bellar nystagmus the direction of the slow phase depends upon the
position of the eyes; in vestibular nystagmus the slow phase is al-
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tary deviation of the eyes.
Nystagmus is a common, although not a constant, symptom of
a cerebellar lesion, whether this be due to trauma, or in the nature
of a neoplasm, hemorrhage, or abscess. Clinico-pathological evi-
dence indicates that this either may be in the cerebellar cortex of
the lateral lobe or involve the sub-cortical or intra-cerebellar nuclei.
Nystagmus is frequently absent in lesions of the vermis. Extra-
cerebellar lesions, such as an acoustic nerve tumor, compressing the
cerebellum or its peduncles, and likewise disease of the brain-stem
involving the cerebellar connections, may produce a cerebellar type
of nystagmus. Finally, in degenerative diseases involving the cere-
bellar system, such as multiple sclerosis and Friedreich's hereditary
cerebellar ataxia, this characteristic fixation type of nystagmus is
usually an early phenomenon. The exact site of damage in such
cases is difficult to determine because of the multiplicity of lesions
and uncertainty regarding the exact connections between the cere-
bellum and the oculogyric centers.
NYSTAGMUS OF UNCERTAIN OR UNDETERMINED ORIGIN
A fine rhythmic nystagmus is frequently seen during the febrile
and toxic stages of acute infectious diseases. That described in hydro-
phobia and trench fever falls into this same general category. Other
toxic states with secondary nervous manifestations, such as botulism,
lead encephalopathy, acute and chronic alcoholism, and drug poison-
ing may show the same phenomenon. The nystagmus in veronal
poisoning is especially striking and characteristic. Of course one is
tempted to classify all these types under the heading of synergic
disorders of cerebellar origin. This has a twofold basis-because of
the frequent association in such states of other characteristic disorders
ofcoordination, such as ataxia and dysarthria, andbecause the nystag-
mus is of the characteristic fixation type, corresponding to positional
conditions. However, because of the uncertainty regarding the effect
which a disturbance of the higher centers may have on ocular fixa-
tion, it seems best not to attempt an etiological classification in the
present state of knowledge.
The evidence regarding the occasional occurrence of spontaneous
nystagmus in isolated cerebral lesions is rather difficult of analysis.
In such instances the nystagmus is usually of the fixation type, prob-
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ably an exaggeration of positional nystagmus when the eyes are devi-
ated away from the side of the lesion. Certainly in many of the
cases described there has been a contralateral cerebellar disorder, due
either to involvement of the crossed fronto-pontine-cerebellar path-
ways (in frontal lobe lesions) or to contre-coup pressure exerted on
the contralateral cerebellar structures by downward displacement of
the brain-stem. False localizing cerebellar signs of this type are
not uncommon in supra-tentorial lesions. The nystagmus in such
cases would then be of cerebellar origin. However, the existence
of an oculo-gyric center in each frontal lobe controlling contralateral
conjugate deviation obviously complicates such an interpretation.
Nystagmus has been observed in lesions of the high cervical cord
(above C'4). The explanation in such cases is not clear.
Interesting instances of bizarre forms of nystagmus, both under
voluntary control and occurring in hysterical states, have been re-
ported and have been the subject of much interesting but unprofit-
able speculation. The movements are usually pendular, may be
monocular, or binocular but non-conjugate. The so-called "latent
nystagmus" is a rare monocular form observed upon covering one
eye.
PROBLEMS OF NEURAL INTEGRATION
If one dared to generalize regarding the nature of nystagmus,
one would be tempted to define it as a specialized form of ocular
adjustment for the maintenance of visual fixation, both under nor-
mal and pathological conditions. Such a conception entails con-
sideration of all the influences which play upon the phenomenon.
For example, these may be either entirely extrinsic, such as a mov-
ing visual field; or intrinsic, such as a congenital defect of central
vision, or an acquired disorder of the neuromuscular, vestibular, or
cerebellar mechanisms.
This paper represents merely a rough sketch of some of the more
fundamental aspects of one of the most highly specialized forms of
activity of the nervous system. Obviously, a thorough understand-
ing of this subject is impossible in the absence of established data
regarding questions of neural integration. This applies particu-
larly to the spontaneous nystagmus of cerebellar origin, in which
the pathways and connections by which the cerebellum exerts its
influence over the final common oculo-motor pathway are entirely
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unknown. However, even the paths of the nerve impulses pro-
ducing the slow and quick phases of the normal optic and vestibu-
lar types are still a matter of dispute.
For example, until the recent work of Magnus and his co-
workers, it had been assumed that the quick component of vestibu-
lar nystagmus was of cerebral origin because the eyes deviate
in the direction of the slow component, without quick rebound, in
unconscious states and under the influence of anesthesia. Magnus,
however, has obtained vestibular nystagmus after dividing the
brain-stem at the level of the trochlear nerve, proving that, in the
rabbit at least, the quick component is not dependent on cerebral
pathways.
The role which the higher centers actually play in influencing
the form and development of various types of nystagmus has re-
cently begun to assume fundamental importance for almost all
workers in this field. Comparative photographic records of the eye
movements under controlled conditions by Dodge, in 1923, show
that there is no apparent difference between the overt behavior of
the eyes evoked by a succession of moving objects and that occur-
ring during rotational vestibular stimulation in a blindfolded sub-
ject. Both show the same alternation of quick and slow phases,
in which the latter are substantially in accord with the apparent
velocity of the environment and may have exactly the same am-
plitudes and angular velocities, though this is Inot universal. The
rapid phases are indistinguishable.
There are, however, marked differences in the neural origin
and latency of the two varieties of nystagmus. Vestibular nystag-
mus arises from stimulation of the semicircular canals and involves
only subcortical pathways, beginning after a latency of the order
of o.o6 second. The other type arises from stimulation of the re-
tina by a complex moving object and involves, in addition, higher
cerebral pathways, beginning after a latency of the order of from
0.5 to 0.2 second.
NYSTAGMOGRAPHIC STUDY OF EYE MOVEMENTS
During the past two years the Department of Internal Medicine
and the Institute of Psychology at Yale have been cooperating for
the purpose of study of eye movements with particular reference to
optic nystagmus. Eye movements, particularly the rapid ones, defy
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analysis by even the most trained powers of unaided observation.
For this reason the nystagmograph devised by Dodge has been used
with the most encouraging success. This employs the principle of
photographing horizontal deviations of the conjugately moving
closed eye by means of a mirror recorder, which is pressed against
the closed lid of one eye, tangential to the underlying corneal sur-
face, and reflects a beam of light to moving photographic paper.
The original purpose of this investigation was to study optic
nystagmus and its pathological alterations as an aid to the localiza-
tion of cerebral lesions. But the numerous nystagmographic varia-
tions encountered in the course of the study of a varied series of dis-
orders of the nervous system have considerably broadened the
original scope of the investigation. The results so far obtained
indicate the possibility of throwing considerable light on questions
of neural integration, by the gradual accumulation of carefully con-
trolled nystagmographic data from patients with lesions subsequently
confirmed at post mortem. The experimental situation provided by
superimposing an optically induced nystagmus upon a vestibular
nystagmus in normal subjects and pathological cases, offers a real
opportunity for study of rivalry and competition for the final com-
mon pathway in relation to various levels of integration of neural
activity. The photographic records provided by Dodge's corneal
reflection method,- a refinement of technic soon to be added,-
afford ample opportunity for studying such questions as the influence
of mental impairment, emotional instability, fatigue, and drugs upon
this highly integrated ocular adjustment.
In conclusion the hope is expressed that the nystagmographic
study of eye movements represents a somewhat original objective
approach to the study of the central nervous system. If another
bridge can be erected between neural structure and function or be-
tween neurology and psychiatry, study of the eye movements will
have served a real purpose.
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